We examined the eŠects of serum deprivation on myoˆbrillar proteolysis in chick myotubes. Myotubes were incubated with serum-free medium for 24 hours. N t -methylhistidine release, as an index of myoˆbrillar proteolysis, as well as protease activities such as calpain, proteasome, and cathepsins (B＋L and D) activities were increased by serum deprivation. These results indicate that serum deprivation induces calpain, proteaosme, and cathepsins activities, resulting in an increase in myoˆbrillar proteolysis in chick myotubes.
It has been established that the addition of animal serum into the culture medium is required for cultured mammalian and avian cells in vitro. One of the reasons why animal serum is required has been shown to be that a large number of growth factors, which are necessary to induce cell growth and development, exist in the serum. When cultured cells are deprived of serum, the rate of intracellular proteolysis increase. [1] [2] [3] [4] [5] [6] [7] Cells in culture show a series of changes in intracellular protein degradation in response to serum deprivation that is similar to alterations in degradation in tissues of starved animals. During starvation, proteolysis in muscle increases and helps provide the organism with essential amino acids for gluconeogenesis. 8) However, the biochemical pathways for degradation of muscle protein and this mode of activation under starvation are still obscure.
The intracellular proteolytic process is composed of lysosomal and non-lysosomal pathways in which intracellular proteases are directly responsible for degradation of proteins. Calpains, cysteine proteases in the cytosol, are thought to be the main agents of non-lysosomal Ca 2＋ dependent proteolysis which exists within the myoˆbril and is capable of carrying out the initial step in myoˆbrillar proteolysis. 9, 10) Proteasome, multicatalytic proteinase complexes in the cytosol, is also thought to be responsible for nonlysosomal ATP dependent proteolysis.
11) Although proteasome has been implicated in the regulation of myoˆbrillar protein degradation, 12, 13) its substrates and the control of its activity has not been fully studied in muscles. However, intact myoˆbrillar proteins are not substrates of proteasome, 13) which may degrade muscle proteins released due to the action of other proteases. Cathepsins, the main agents of lysosomal degradation, have been well established to contribute to muscle protein breakdown. 14) However, the precise roles of all these degradation systems in the breakdown of skeletal muscle proteins are yet to be identiˆed. Thus, in this study, the eŠects of serum deprivation on myoˆbrillar proteolysis and protease (calpain, proteasome, and cathepsins) activities in chick myotubes were investigated.
The cells were isolated from thigh muscle of 13-day-old chick embryos. 15) Brie‰y, the muscle tissue obtained from the embryo was digested with dispase (GODO SHUSEI CO., LTD.). The cell suspension was transferred to a 35 mm uncoated culture dish to allowˆbroblast attachment. The cells were counted and plated onto gelatin-coated 6-wells plates (IWAKI SCITECH) at a density of 2.0×10 5 cells W well. The cells were cultured in M-199 medium containing 15z calf serum (Invitrogen Corporation) and 2.5z chicken embryo extract (basal medium). The cells were grown at 379 C in a 5z CO2-enriched atmosphere of humidiˆed air. The media were replaced every other day for the 7-day incubation period and 90z of the cells formed myotubes on the seventh day. Myotubes were incubated for 24 hours in the absence or presence of serum in M-199 medium.
At the end of incubation, the medium was collected, the cell monolayer was washed three times with ice-cold PBS, and the cells were detached by scraping with a rubber policeman using a homogenization solution (20 mM Tris-HCl, 5 mM EDTA, 10 mM dithiothreitol, pH 7.5). The homogenate was centrifuged at 30,000×g for 30 min at 49 C. The supernatant was used for the measurement of calpain and proteasome activities. The resulting protein pellet was suspended in 50 mM acetate buŠer (pH 5.0) containing 0.2 M NaCl and 0.1z Triton X-100. The suspension was centrifuged at 13,000×g for 30 min at 49 C. The supernatant was used for cathepsin B＋L and D activities. Calpain activity was measured by the method of Sasaki et al. 16) by using 0.2 mM succinyl-Leu-Leu-Val-Tyr-MCA, a ‰uorogenic synthetic peptide as a substrate at pH 7.3. Proteasome activity was analyzed by the method of Tanaka et al., 17) measured with 0.2 mM succinyl-Leu-Leu-Val-Tyr-MCA at pH 8.0. The activity of cathepsin B＋L was measured by the method of Barrett and Kirschke 18) using ‰uorogenic peptides. It was assayed with 10 mM ZPhe-Arg-MCA as a substrate at pH 5.5. Since this synthetic substrate is hydrolyzed by cathepsin L and also by cathepsin B, the activity is shown as cathepsin B＋L activity. The activity of cathepsin D was measured by the method of Barrett and Kirschke 19) using 2z hemoglobin as a substrate. Protein was measured by Lowry's method using bovine serum albumin as a standard. 20) N t -methylhistidine released into the medium was measured by the HPLC method after derivatization of ‰uorescamine with a treatment of perchloric acid and heating. 21) Data were analyzed by Student's t-test. A P value º0.05 was considered to be statistically signiˆcant. Each result is the mean± standard deviation of the values obtained from six replicates.
The results of protein content, N t -methylhistidine release, and protease activities are in Table 1 . The protein content was signiˆcantly decreased by serum deprivation. This result indicates that serum deprivation induces a catabolic response in muscle cell protein metabolism, consistent with the report of Berger and Dice, 6) indicating that when the cultured cells are deprived of serum, cell growth is arrested and protein content declines. N t -methylhistidine release as an index of myoˆbrillar proteolysis was signiˆcantly increased by serum deprivation. This result indicates that serum deprivation stimulates myoˆbrillar proteolysis. N t -methylhistidine is an amino acid formed by the post-translational methylation of speciˆc histidine residues on two myoˆbrillar proteins, actin and myosin. N t -methylhistidine cannot charge tRNA, and therefore cannot be used for protein synthesis. Because of this, and also because it does not undergo catabolism, the output of N tmethylhistidine has been used as an index of myoˆbrillar proteolysis. 22, 23) Recently, Doi et al. have also demonstrated that insulin and thyroid hormones suppress myoˆbrillar proteolysis of cultured muscle cells in serum-free medium. 24) When cultured cells are deprived of serum, the rate of intracellular proteolysis increase. [1] [2] [3] [4] [5] [6] [7] Cells in culture show a series of changes in intracellular protein degradation in response to serum deprivation that is similar to alterations in degradation in the tissues of a starved animal. It has been reported that plasma N t -methylhistidine concentration, urinary N t -methylhistidine excretion, and N t -methylhistidine release from incubated muscle were increased by starvation in rats. 25) The main purpose of these experiments was to identify the proteolytic mechanism(s) involved in a serum deprivation-dependent increase in myoˆbrillar proteolysis. Calpain activity was signiˆcantly increased by serum deprivation. Calpain has been implicated in the degradation of myoˆbrillar elements of muscle. 9, 10) Calpain activation may trigger a dissociation of myoˆbrillar elements. Proteasome activity was also signiˆcantly increased by serum deprivation. Proteasome is ATP-dependent multicatalytic proteolytic system.
11) The multiple proteolytic pathways are essential to complete proteolysis. Cathepsin B＋L and D activities was also signiˆcant-ly increased by serum deprivation. Lysosomal cathepsin B and L are endopeptidases that are thought to play major roles in intracellular protein degradation. 26) Mayer et al. have reported that serum deprivation increased proteolysis and myoˆbrillar protease activity in cultured myoblasts. 2, 3) It has also been reported that serum deprivation increased lysososmal proteases in hepatocytes. 1) These results are consistent with our results.
The involvement of the diŠerent proteolytic systems in muscle wasting has been extensively studied in various animal models. In fasting, the ATPubiquitin-proteasome-dependent pathway is activated as well as a consequence of the induction of the stress hormone like glucocorticoids that oppose the anabolic eŠects of insulin. 27) Muscle lysosomaldependent proteolysis is also elevated during fasting. 27) In this study, serum deprivation induced proteolysis and protease activities in myotubes. In our model, serum deprivation is similar to alterations in degradation in muscles of a starved animal.
Like other tissues, skeletal muscle contains multiple proteolytic systems, each of which could play an important role in muscle atrophy. Calpains (nonlysosomal Ca 2＋ -dependent proteolysis), proteasome (non-lysosomal ATP-dependent proteolysis), and cathepsins (the main agents of lysosomal degradation) have been well established as contributing to muscle protein breakdown. In this experiment, we measured calpain, proteasome, and lysosomal proteases (cathepsin B＋L and D) activities, demonstrating that serum deprivation induces calpain, proteasome, and cathepsins acitivities in chick myotubes. Thisˆnding conˆrms that serum deprivation induces multiple proteolytic pathways in chick myotubes.
In conclusion, this study shows that serum deprivation increases calpain, proteaosme and cathepsins activities, resulting in an increase in myoˆbrillar proteolysis of chick myotubes.
